Abstract -
Introduction
Feed production for livestock, poultry or aquatic life involves a range of activities, which include grinding, mixing, pelleting and drying operations. New (1987) gave a summary of the different types of machinery needed for the production of various types of feeds and they include grinders, mixers, elevators and conveyors, mixer, extruders, cooker, driers, fat sprayers and steam boilers.
The mixing operation in particular, is of great importance, since it is the means through which two or more ingredients that form the feed are interspersed in space with one another for the purpose of achieving a homogenous mixture capable of meeting the nutritional requirements of the target livestock, poultry or aquatic life being raised.
Essentially, feed mixing can be done either manually or mechanically. The manual method of mixing feed entails the use of shovel to intersperse the feed's constituents into one another on open concrete floors. The manual method of mixing feed ingredients is generally characterized by low output, less efficient, labor intensive and may prove unsafe, hence, hazardous to the health of the intended animals, birds or fishes for which the feed is prepared. The mechanical method of mixing is achieved by using mechanical mixers developed over the years to alleviate the shortcomings associated with the manual method. A wide variety of mixers are available for use in mixing components, the selection of which depends mainly on the phase or phases the components exists such as solid, liquid or gaseous phases. Some commonly used solid mixers as discussed by Brennan et al. (1998) includes: Tumbler mixers, Horizontal trough mixers, Vertical screw mixers etc. These are quite quick and efficient particularly in mixing small quantities of additives into large masses of materials. Brennan et al., (1998) observed that regardless of the type of mixer, the ultimate aim of using a mixing device is to achieve a uniform distribution of the components by means of flow, which is generated by mechanical means.
In most developing countries including Nigeria, a major common problem facing farmers raising livestock, poultry and/ or aquatic life is the lack of access to proper feeds that can meet the nutritional requirements of their flocks at the right time and in the right quality and price. Dogo (2001) observed that the rate of poultry production in Nigeria is not commensurate with human population growth and demand. He therefore, opined that the major constraint is the high cost of feeds in the market. Similarly, Oyenuga (1973) cited that protein from animal sources contribute about 17% of the total protein consumption in the average Nigerian diet compared to a contribution of approximately 68% of the total protein consumed in New Zealand, 71% in USA, 67% in Denmark and 60% in the UK. The reason for the low level intake of animal product in African countries he argued is due, partly, to the low population of cattle in some regions in relation to human population and requirements, but primarily due to low level of animal productivity in terms of slow growth, long calving intervals, slow reproductive cycle and low milk yield all occasioned by poor quality and or insufficient feeds. Augusto et al. (1973 ), Fagbenro (1988 , Kwari and Igwebuike (2001) , Diarra et al. (2001) and many other researchers have indicated the feasibility of the utilization of various forms of farm and agro-industrial wastes and by-products in the formulation of complete feeds for livestock, poultry and aquatic life. Although the major essential raw materials required for the formulation of complete feeds from the results of such researches are within easy reach of the farmers and at low cost, the major limiting factor to taking the full advantages offered by the results of such researches has been the lack of available appropriate equipment to process the identified raw materials into the required feeds.
This study is an attempt towards designing and fabricating a machine capable of mixing feed constituents. The design incorporates the used of local raw materials for the construction.
Methodology

Materials
The materials for the construction of the machine are to be sourced locally so as to be cheap to own and use by the stock raisers. This should serve as a guide in material selection. Also the materials are chosen on the basis of their availability, suitability, economy, viability in service among other considerations (Sharma and Aggar-Wal, 1998 ).
Design Calculations
(1) Volume of mixing chamber
The mixing chamber consists of two unequal cylinders (upper and lower cylinders) that are connected by a frustum as shown in Fig.1 . A vertical acting auger conveyor ( Fig.2 ) which operates inside a close fitted tube to effect blending of feed components was designed for the machine. The auger in is designed with helices of uniform diameter of 145 mm and a pitch of 100 mm.
Fig. 2: Vertical acting auger conveyor
The capacity of the auger is computed using equation 2 given by Kubota (1995) V-belt and pulley arrangements were adopted in this work to transmit power from the electric motor to the shaft of the mixing unit. The main reasons for adopting the v-belt drive are its flexibility, simplicity, and low maintenance costs. Additionally, the v-belt has the ability to absorb shocks thereby mitigating the effects of vibratory forces (Gary et al., 1984) .
(5) Pulley diameters
The diameter of the pulley for the mixing auger is calculated using equation 4 expressed by Champion and Arnold (1976) as:
... (4) Where : N 1 , N 2 = speeds of motor mixing auger respectively, rpm; D 1 , D 2 = diameters of motor pulley and mixing auger pulley respectively The number of belt required to transmit the designed power from electric motor to the shaft of the mixing auger is computed using equation 7 expressed by Khurmi and Gupta (2004) as:
... (7) Where : N B = number of belts; L = designed power, W; T 1 , T 2 = tensions on the tight side and slack side of the belts, N; v = belt speed The equations for computing equivalent twisting moment (T e ) and that of a mixer shaft diameter ( d ) are given by Khurmi and Gupta (2004) as:
... (8) ... (9) Where : T e = equivalent twisting moment, Nm; M = maximum bending moment, Nm; T = torsional moment, Nm; K b = fatigue factor due to bending, 2.0; K t = fatigue factor due to torsion, 1.5; τ = maximum allowable shear stress, N/mm 2 ; d = diameter of mixer shaft, m Fig.3 shows the orthographic view of the machine. The mixing section consists of two cylindrical bodies (upper and lower) of different diameters that are connected by a frustum. The upper cylinder is made with a diameter of 500 mm and height of 500 mm. The lower cylinder has a height of 70 mm and a diameter of 150 mm. The height of the frustum, which connects the two cylinders, is 100 mm. Both the cylinders and the frustum were constructed using a mild steel sheet metal of 1.5 mm thickness. An opening of 100 mm diameter was provided at the foot end of the frustum. This opening connects to the discharge channel. The mixing chamber is provided with a centrally based, vertical acting auger conveyor that operates inside a close fitting tube of 150 mm diameter and 500 mm length. The auger is constructed on a mild steel rod of 20 mm diameter shaft using a mild steel rod of 6 mm diameter. Its helices were made with a uniform diameter of 145 mm and pitch of 100 mm. The lower end of the auger carries a ring of 145 mm diameter. This ring bears three blades spaced 120 0 apart. Both the blades and the ring are constructed using a mild steel flat bar of 12.5 x 3 mm. The feed ingredients to be mixed are introduced into the mixing chamber via a trapezoidal hopper constructed also from a mild steel sheet metal of 1.0 mm thickness. The hopper is constructed with the following dimensions: major width, 300 mm; minor width, 150 mm; length, 300 mm and a height of 100 mm. The hopper is made to stand at an inclined angle of 60 0 with respect to the mixing chamber when fixed in place. All the parts that make up the machine are mounted on a rectangular frame robustly built with detachable stands. An angle iron of 50 mm x 50 mm x 5 mm is used in the construction of the frame, for its rated strength and stability in service. Insan Akademika Publications The frame is constructed with the following dimensions: 1250 mm height, 1000 mm length and 600 mm width. A central electrical control point is provided for convenience and safety during operation. The control point consists of three socket outlets of 15A each. Three (3) connecting plugs one each from the two electric motors (i.e. mixer's and extruder's motors) and that of the heating element are attached to the sockets. A 2.5 mm PVC cable is used in connecting the three socket outlets and the connection is in parallel. A 4.0 mm PVC cable is used as the supply lead for the outlets.
Description of the Machine
Principle of Operation of the Machine
During operation with the switch of the mixer's electric motor set at the "ON" position, the feed ingredients are introduced into the mixer via a trapezoidal shaped hopper located at the upper part of the mixing compartment. Material introduction into the mixer is in order of quantity, with the bulkier among the components introduced into the machine first. With the material inside the mixing chamber, the rotating action of the centrally based vertical acting auger, lifts it up from the lower cylinder through the close fitting tube and drops it high up at the end of the tube. After thorough mixing is achieved as assessed through a look-in window located at the side of the mixing chamber, the flap of the discharge channel is open to allow the mixed components out of the mixer where the need for using the machine is only to blend feed constituents. Complete evacuation of the material is facilitated by the rotating action of the stirrer, which work close to the surface of the frustum section of the mixing chamber. At the end of evacuation operation, the motor switch is put off. The total cost of construction is N47, 290.00 ≈ (US$300).
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Performance test
Preliminary testing of the mixer was targeted at evaluating its ability to blend feed components, duration of mixing and rate of discharge both through the discharge and the transfer channels. At the onset of the test, 150 kg of ground corn, 0.795 kg of cassava flour and 7.95 kg of shelled corn were divided into three equal measures of 50 kg for ground corn, 0.265 kg for cassava flour and 2.65 kg for shelled corn, and the mixer's performance test was conducted and replicated thrice according to the standard test procedure for farm batch feed mixers developed by ASAE, (R2006) and Ibrahim and Fasasi (2004) . Four mixing durations of 5 min, 10 min, 15 min and 20 min where considered in the cause of conducting the tests. At the end of each test run, ten samples of 500 g were drawn from the mixed components and the coefficient of variation among blended samples and mixing levels, were computed using the expressions below as given by Ibrahim and Fasasi (2004): ... (10) ... (11) ... (12) Where : CV = Coefficient of variability; D M = Percent mixing level; S = Standard deviation; X = Weight of shelled corn in the samples; x = Mean value of shelled corn in the samples; n = Number of samples 3 Table 2 gives the average weight of ungrounded corn recovered from each of the 10 samples drawn from the mass of mixed components after a mixing period of 5 min in respect of the three replicated tests. 
Results and Discussion
The average weights of corn recovered from the three replicates are 19.80 g, 23.50 g and 21.50 g with corresponding coefficient of variability (CV) of 22.81%, 20.68% and 22.06%, respectively. The result showed that variation in composition of ingredients among samples tested ranges from 20.68% to 22.81% with an average CV of 21.85%, thus the degree of mixing achieved is 78.15%. Table 3 presents the mixers performance in ten (10) minutes operation. The average weight of recovered ungrounded corn of 22.50 g, 22.80 g and 23.20 g with their corresponding computed coefficient of variation of 14.09%, 11.66% and 12.16% for the three replicates are obtained when the mixing duration was doubled from 5 min to 10 min. The result shows a significant reduction in variation of feed components among samples by about 9.21% resulting from doubling mixing duration from 5 min to 10 min. This is in conformity with the findings of Brennan et al. (1998) , who reported that in a mixing operation, non-uniformity among components in the mixture decreases with time of mixing until equilibrium mixing is attained. The average CV of 12.64% shows that the mixer's performance rose from 78.15% (Table 2 ) to 87.36% (Table 3) due to increased mixing time from 5 min to 10 min. Table 3 gives the performance of the mixer during a mixing duration of 15 min. From the table, the average weight of shelled corn recovered from the three replicates were 24.9 g, 25.1 g and 24.8 g with respective computed coefficient of variations of 4.81%, 5.31% and 4.58%. The average coefficient of variation is therefore 4.84%. This result shows a significant reduction in the coefficient of variations in feed components for the samples tested. The degree of mixing attained is as high as 95.16% (Table 4) which portrays an impressive improvement of about 7.8% reduction in nonuniformity of components among samples from what obtains when the mixing duration was 10 min.
The result further indicate an increase in the level of difficulty associated with intimate blending of feed components as the mixture approaches its equilibrium level (from 78.15% at 5 minutes increase by 9.21% at 10 minutes and by 7.8% at 15 minutes). Table 5 gives the weight of ungrounded corn recovered from each of the ten samples with mean values of 24.90 g, 24.80 g and 24.40 g, respectively from the three replicates and corresponding coefficient of variations of 4.81%, 5.31% and 3.96%, respectively during 20 minutes mixing process. The average value of coefficient of variation for the three replicates being 4.69% indicating that, the mixer's performance pegged is at 95.31%. Brennan et al. (1998) that after equilibrium mixing is attained, further mixing will not produce a better result. Table 6 shows the summary results of the mixer's performance. The average mixing level in respect of the four mixing durations considered stood at 89% attained in 12.5 min (the average of the four mixing durations of 5, 10, 15 and 20 min). 
Conclusion
An animal feed mixing machine was successfully designed, developed and tested. A mixing performance of up to 95.31% was attained in 20 minutes of operation and evacuation of mixed materials from the mixer was observed to be almost complete and was accomplished in 9 minutes with the mixer at full capacity (60 kg of feed ingredients or two-third of the mixing chamber filled) while the average value of coefficient of variation for the three replicates was 4.69%. The salient implication of the result of this study is that the mixing machine developed from locally available materials is effective, simple, cheap, easy to maintain and yet sufficiently rugged.
Recommendation
The machine is recommended for use by small and medium stock raisers.
